Although we have placed several works and papers at the head of this article, it is not so much our intention to pass them in review, as to take them as the basis for some observations on the subject of the circulation generally, and to consider the present state of our knowledge with reference to some of the phenomena presented by the various cii'culating organs. The space allotted to us will not admit of a lengthened treatment of the subject, and we shall therefore be compelled to pass rapidly over some points, in order to afford an opportunity of dwelling more at length on others. The work which stands at the head of the list we have given, we consider as the best and most complete exposition of the physiology of the circulation we are possessed of. It is the work of one of world-wide reputation, who has made the subject of physiology generally the study of a long life, and it bears upon it marks of great individual investigation, and extraordinary literary research. To the physiological student its pages are invaluable, for not only does it offer an able resume of the generallyreceived opinions of the present day, but it teems with references to the various essays, memoirs, and papers of those who have made original experiments or observations, references which are of the highest value.
In the observations we propose to make, we shall not confine ourselves to the facts detailed in the works which are before us, nor to the references they contain, but drawing our resources from various quarters, and from our own investigations, we shall endeavour to place, as succinctly as possible, before our readers, the present position of our knowledge with reference to the different subjects we shall consider; and in attempting to explain some of the phenomena which the circulating organs present, we shall call to our aid, not only the facts which their condition in health, and experimental physiology, afford, but those also which pathology offers to our notice. We believe there are no facts of greater importance, with reference to practical medicine, than those which relate to the subject we are about to examine; for when we Careful observations, we are told, were made by sticking pins in the ventricles during their action, to ascertain which was the least moveable part of the heart, and the apex was found to be so. These remarks are entirely in accordance with those of Mr. Bryan, which were made as long ago as 1834. That gentleman introduced pieces of wire, through the intercostal spaces, into different parts of the heart of a horse, immediately after the animal had been shot, and he found from examination when the heart had ceased to beat, that the wire introduced near the base of the heart was the one which had moved through a greater space than another which had entered at the apex.
His for when one of the auricles is opened, or pressure is used, so as prevent the blood reaching the ventricle, the latter is impeded in its action, the direction of the plane occupied by the base of the heart becomes altered, and the axis deviates to the injured side.
That the impulse of the heart against the side of the chest in no way partakes of the nature of a blow, we believe to be fully established by the experiments of Hope, Bryan, the Committees of the British Association, Sibson, Halford, Chauveau, Faivre, and others, and our own observations accord with their results. We cannot believe that the heart recedes from the surface of the chest, or that the impulse is produced by the impinging of the apex against the fifth intercostal space.
We believe the impulse is produced by the ventricles assuming, during their contraction, a globular form, and in this act they press against the inner surface of the chest, and push outwards the intercostal spaces.
When the heart is grasped in a living animal, the impulse or bulging of the muscle is felt on all sides, and not more in [Ajril, one part of the organ than in another; it is felt on the under surface of the diaphragm, when the posterior wall is touched through that structure, as well as on the anterior surface, or at the apex of the ventricles.
Further, we may adduce in support of our position, that the impulse is not the result of a blow of any particular part of the heart, the fact that the phenomenon is by no means confined to one spot. It is usually in health most distinct in the fifth intercostal space, but it may be frequently felt in the fourth as well, and in cases where the heart is enlarged, the extent of surface over which the impulse becomes sensible is much greater.
In confirmation of the views we have expressed of the movements of the heart, and the nature of the impulse, we may refer to the case of ectopia cordis observed by Dr. Mitchell, and already alluded to. He watched the movements of the heart for an hour and fifty minutes. " The pulsations were twenty-five in a minute before the separation of the umbilical cord, after it they fell to twenty and seventeen. After the auricles were distended with blood they emptied themselves by a gentle flowing motion, and immediately after the ventricles contracted. The effect of the ventricular contraction was to shorten the heart from base to apex, and to cause a considerable bulge or projection in the centre, giving rise to an evident elevation of the fingers when laid on it. The apex of the heart was not elevated."* We shall not dwell longer on the subject of the movements of the heart, although there are many points of interest in connexion with it, but pass on to consider briefly :?
The Action of the Valves.?The mitral and tricuspid valves are placed at the auriculo-ventricular orifices, and by their closure prevent the blood regurgitating into the auricles; and the semilunar valves perform the same function with reference to the ventricles. In the few observations we propose to make, we shall confine ourselves to the action of the auriculo-ventricular valves.
We believe the closure of these valves is of a purely passive kind, and not influenced by the muscular action of the columns which are found in the interior of the The explanation given by Milne-Edwards of the way in which these valves close, is very similar to that just quoted. He shows that so perfect is the closure, that when the ventricles are full, the heart may be held upside down without the loss of a single drop of fluid. We shall refer hereafter to an experiment which shows that these valves are not only water-tight, but air-tight.
From the manner in which the valves behave under the influence of fluid injected into the ventricles, in the way we have described, a very important conclusion may be drawn with respect to their action, and that of the musculi papillares. As soon as the blood enters the ventricles the valves rise on its surface; no action of the muscles is required to draw the flaps together. When the ventricles are fully distended, the valves present a septum between them and the auricles; the former react on their contents, and the blood is forcibly impelled against the under surface of the valves ; the chordae tendinere and musculi papillares are tightened, they prevent the flaps being thrust into the auricles, and inasmuch as the base of the heart descends during the ventricular systole, the musculi papillares contract from above downwards, and thus maintain the roof of the cavities firm and resisting till the contents are fully expelled.
We shall not dwell longer on this subject than to make one remark on the following passage which we find in the work of Dr. Carpenter :
" Whilst the right ventricle is contracting upon the blood that has entered it, the carnese columnaj, which contract simultaneously with its proper walls, put the chorda; tendinea; upon the stretch, and these draw the flaps of the tricuspid valve into the auriculo-veutricular axis. The blood then getting behind them, and being compressed by the contraction of the ventricle, forces the flaps together in such a manner as to close the orifice ; but they do not fall suddenly against each other, as is the case with the semilunar valves, since they are restrained by the chorda; tendinea;, whence it is that no sound is produced by their closurc."
We object to the statement that the columnse carnese perform the functions here assigned to them, viz., that of drawing the flaps of the 3i8 Reviews.
[April, Having said thus much of the movements of the heart and the closure of the valves, we naturally pass to the consideration of the sounds by which these phenomena are accompanied. We think we may fairly conclude that the impulse is in no way concerned in the production of the first sound. Could it be proved that the heart receded from the chest, and was tilted or impinged against it at each successive systole, we might expect a sound would be produced; but were such the case, the individual would feel the shock which would necessarily result from such an action.
We propose, in the next place, to consider the subject of, We are not aware that any important investigations on the nature of the sounds of the heart were made, after the Committee of the British Association concluded its labours in 1840, until the year 1847, when we find a very able paper on 1 The mechanism by which the valves of the heart are closed, and by which the sounds of the heart are produced,' by Dr. Hamernjk, of Prague, published in the ' Prager "Vierteljahrsschrift,' vol. xi., which paper contains the views also of Dr. Baumgarten on the subject.
The next contribution of importance we find in a paper by Mr. Brakyn, of Dublin, who made an ingenious experiment, the result of which was published in the 'Lancet' of 1849, to prove the adequacy of the valves in a state of tension to produce sound. Mr. Brakyn repeated his experiment in one of our metropolitan schools, and this revived the controversy which had for some years been dormant, in this country at least, and brought out fresh labourers into the field. His experiments were followed by those of Dr. Halford, which we believe to be of a nature more calculated to settle the disputed question of the causes of the sounds of the heart than any previously instituted. experiment. An ox's heart being procured, a bladder is connected with the left ventricle by means of a flanged tube ; with the aorta, is connected another bladder, and this latter has a tube passing from it, which is connected with a third bladder attached to the left auricle. The tube between the second bladder and the third has a metallic portion with a stop-cock in it. This arrangement of bladders and tubes allows of the passage of currents of air, representing a mimic circulation through the left heart. The experiment is performed as follows : the bladders being inflated, aud the stop-cock closed, pressure is made on the auricular bladder, and the air is injected into the left ventricle and ventricular bladder; the latter is compressed, and the air, forcibly impelled upwards, produces a closure of the auricular valve, and passes into the aorta and the bladder connected with it ; this bladder is now suddenly compressed, the sigmoid valves close, and the air is prevented passing back into the ventricle. The phenomena attending these actions are two sounds, one when the ventricular systole is imitated, and the auricular valve closed, the other when the elastic reaction of the aorta is imitated, and the semilunar valves are closed.
In remarking on his experiment, Mr. Brakyn says : " The sounds being produced without any muscular contraction, rush of blood, etc., must evidently be valvular .... the first sound is as perfect as the second The illustration, though conducted through air, ought to be conclusive, inasmuch as a suddenly strained membrane which gives a tympanic sound in air. will do the same in water also, as I have tried, but not so loudly."
From having repeated the above experiment, we quite agree with the observations of Mr. Brakyn ; we consider the sounds resemble those of the heart as closely as possible, bearing in mind the nature of the fluid in which they are produced. The That under ordinary conditions of the circulation the heart is dependent for its action on the regular supply of blood, is undoubtedly true, and observation shows that those cavities which are first deprived of the access of blood cease the soonest to contract. It is well known that when the heart becomes enfeebled, and then arrested in its action, the movement does not cease in all parts at the same time, and that the right auricle is the last to lose its activity, because the blood arrives at the right side of the heart after it has ceased to flow into the left. That this prolonged action of the right auricle is the result of the access of blood, and not a peculiar property of the cavity itself, was proved by Haller. By means of ligatures properly placed he prevented the entrance of blood into the right side, and retained a certain quantity in the left; the order of arrest of the movements was reversed; the left ventricle continued to beat the longest.
There is another condition which exists during the circulation, which is supposed by some to influence the periodic contractions of the heart. It is not only that, during diastole of the organ, blood is brought in contact with its internal surface, but it is also freely supplied to the muscular fibres themselves.
During their systole, the walls of the heart become more or less pale, the blood is more or less pressed out of their capillaries, but during their diastole it flows freely to the muscular fibres. It has been stated by some physiologists, and especially latterly by M. Briicke, that the arrangement of the semilunar valves of the aorta is such as to prevent the blood passing into the coronary arteries during the ventricular systole, and he even believes that these vessels become emptied by that action. This view has been attacked by M. Hyrtl, who sustains the opinion that the blood passes into the coronary vessels, both during the systole and after the closure of the semilunar valves, and he defends his position, fii'st, on the ground that in injecting the aorta by the pulmonary veins, the coronary arteries always become injected; and secondly, that in an experiment made on Reviews.
[April, a sheath-fish, the coronary artery being divided transversely and isolated, lie saw the blood escape during ventricular systole from the superior portion, and not from the inferior. M. Endemann has also shown that in simulating the action of the ventricles, and observing the oscillations of a column of mercury in the manometer placed in one of the coronary arteries, the mercury rose at every mimic systole, proving therefore that the fluid reached the coronary vessels; further, M. Donders has shown that the pulsation of these arteries is synchronous with the systole of the ventricles. "We cannot, therefore, but conclude from these results that the blood reaches the coronary arteries during the contraction of the ventricles, but we must nevertheless admit that during this period there is a partial exhaustion of blood from the muscular tissue itself; the blood pressed out of the capillaries is not, however, forced back into the arteries, as appears from the experiment quoted?it must therefore be driven on into the veins; the muscular tissue consequently gets its most abundant supply of blood during the diastole of the heart?in fact, during its period of repose, when the fibres are relaxed and the cavities dilating.
The influence of non-supply of blood to the structures of the heart, in arresting its contractions, was pointed out in 1842 by Mr. Erichsen, and has since been observed by M. Schiff. The former gentleman showed that ligature of the coronary vessels in mammals was soon followed by a cessation of the heart's action, and that the duration of the movements was shortened when the coronary veins were opened so as to facilitate the exit of blood; whilst the contrary was the case when the blood was retained in the proper vessels of the heart.
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